Five criteria for recognizing antibody-mediated autoimmune disease
The list of candidate autoimmune diseases affecting every level of the nervous system is long and rapidly increasing. However, it is not simple to prove that a given disease is autoimmune in nature, and even more difficult to identify the autoimmune mechanisms and molecular targets of the disease process. I have proposed a set of criteria to evaluate the evidence for antibody-mediated pathogenesis in putative autoimmune diseases (5) . This Commentary will analyze AAN in light of these criteria, and the implications of the results reported in this issue. 1. Autoantibodies are present in patients with the disease. This is a key starting point but by itself does not prove that a disease is antibody-mediated. Antibodies that bind to the α3 subunit of ganglionic AChRs have been detected in a substantial fraction (41%) of patients with AAN (4), but significant antibody levels have also been detected in patients with other neurological diseases (6) . These findings raise the following two questions.
First, why don't all patients with AAN have anti-α3 AChR antibodies? One rather unlikely possibility is that these antibodies may merely be markers of autoimmunity, not related to the pathogenesis of AAN, and therefore not present in all affected patients. Another alternative is that the antibodies were present early in the disease process and are now gone, or that they are all bound to the targeted AChRs and thereby removed from circulation. Finally, it is likely that at least some patients with a syndrome phenotypically similar to AAN do not have antibodies that bind to α3 AChRs. In some, the disorder may not be autoimmune in nature, while in others, antibodies that react with an antigen closely related, though not identical, to α3 AChR may exist. In the example of MG, approximately 15% of patients with generalized myasthenic weakness lack detectable anti-muscle AChR antibodies (1). Nevertheless, their serum immunoglobulins bind to AChR-expressing mammalian muscle cultures (7), and induce a reduction in AChRs upon passive transfer to mice (8) (9) (10) . It has recently been shown that sera from approximately 40% of these patients have antibodies that bind to muscle specific kinase (MuSK), a protein that is closely linked to AChR, and plays a role in the clustering of AChRs during development of neuromuscular junctions (11) . Whether anti-MuSK antibodies, or some other as yet unidentified antibodies, can account for the loss of AChRs in these patients is not yet known.
Second
The Mayo group initially reported that only 5 of 12 patients with significant α3 AChR antibody titers had AAN (6) . The other 7 patients had a variety of presumptively autoimmune syndromes: Isaacs syndrome, Lambert-Eaton syndrome, dementia, or sensory neuropathy. It is easy to explain the lack of AAN features in patients with autoantibodies against α3 AChRs, since autoantibodies are well known to be present in individuals without clinical disease. But why did such a high proportion of α3 AChR-antibody-positive patients have other autoimmune diseases? It is likely in at least some of these cases that the associated neoplasm presented multiple antigens that triggered other autoimmune responses (12) . It is even conceivable that an immune response to α3 AChR could result in different clinical manifestations in different individuals.
2. Antibody interacts with the target antigen. The "smoking gun" of immunoglobulin bound to ganglionic AChRs has yet to be directly demonstrated in AAN. Nevertheless, there is persuasive circumstantial evidence to support this concept. Previous work has demonstrated that antibodies to α3 AChR bind to AChRs of ganglionic neurons (13) . Furthermore, mice genetically lacking α3 AChR demonstrate the same dysautonomic features as patients with AAN (14) . Finally, in the present report, autonomic ganglia from α3 AChR-immunized rabbits had electrophysiological features of postsynaptic failure of ACh transmission (2).
3. Passive transfer of antibody reproduces features of disease. This is arguably the most important piece of evidence required to link the disease to antibody-mediated pathogenic mechanisms (15, 16) . Ideally, transfer of IgG from human AAN patients with α3 AChR antibodies to experimental animals should reproduce the clinical and electrophysiological features of the disease (4). This would confirm the specific pathogenic role of the antibody, and would rule out a cell-mediated disease mechanism. One would hope that passive transfer studies are in progress.
4. Immunization with antigen produces a model disease. This is the basis of the report by Lennon et al. (2), in which a model of AAN has been elegantly described. Immunization of rabbits with the extracellular domain of α3 AChR resulted in antibody production in most animals, and clinical disturbances of autonomic function consistent with AAN. The fact that the severity of symptoms corresponded with the level of antibodies is further persuasive evidence for the role of α3 AChR antibodies in the disease process.
5. Reduction of antibody levels ameliorates the disease. Rabbits that failed to develop α3 AChR antibodies did not develop disease, and those with low levels were less severely affected. Elsewhere these authors cite examples of a reduction in the severity of AAN in response to treatments that lower the antibody levels (4).
So far, the available evidence provides persuasive, if not yet definitive, support for antibody-mediated pathogenesis of at least some cases of AAN. Future studies are needed to evaluate the effects of passive transfer of serum from both α3 AChR-antibody-positive patients and -antibody-negative patients to recipient animals. From the clinical perspective, these studies highlight the importance of searching for an occult neoplasm in all patients with AAN, and raise the question of whether immunomodulatory treatment should be tried in all patients with AAN, with or without positive α3 AChR antibody results. Ultimately, knowledge of the antigen should lead to antigen-specific therapeutic strategies, like those being developed for MG (17) . Diabetes, a leading cause of morbidity and mortality in industrialized countries, is caused by an absolute insulin deficiency due to the destruction of insulin secreting pancreatic β cells (type 1 diabetes) or by a relative insulin deficiency due to decreased insulin sensitivity, usually observed in overweight individuals (type 2 diabetes). In both types of the disease, an inadequate mass of functional β cells is the major determinant for the onset of hyperglycemia and the development of overt diabetes.
Maintenance of pancreatic β cell mass results from a dynamic balance of neogenesis, proliferation, and apoptosis (1). These processes are adaptive since β cells can proliferate physiologically in postnatal life (during growth or pregnancy), in response to injury, or in disease states such as obesity or other genetic forms of insulin resistance (2, 3) . Therefore, the identification of pancreatic precursor (stem) cells and the mechanisms controlling their proliferation and differentiation are of central importance for developing novel approaches to treat diabetes.
Pancreatic islet development from gut endoderm
Endocrine and exocrine cells of the pancreas are derived from a common set of epithelial cells from early gut endoderm (4) . Although insulin expression can first be detected shortly after pancreatic bud formation, these cells are not believed to be the precursor of differentiated islet cells (5) . Differentiated β cells first appear around embryonic day 13 (E13) at the onset of the secondary transition, a phase of pancreatic organogenesis during which endocrine cells detach from the exocrine matrix, increase in number, and reorganize to form mature islets. Morphologically distinct cell clusters that exhibit the typical architecture of mature islets containing all endocrine cell types are first detected at about E17.5. During the perinatal period, β cells of the islet undergo final differentiation, as evidenced by their ability to become glucose responsive in the first week of life.
Islet growth continues after birth, resulting from a combination of both an increase in cell size (hypertrophy), as well as cell number (6, 7) . In addition, throughout much of life, small islets continue to develop from pancreatic ducts through neogenesis and proliferation. Islet mass turnover in rodents is slow and is believed to derive from two sources: replicating β cells in pancreatic islets and neogenesis from pancreatic ducts (8) . The capacity of β cells to replicate is certainly important in the postnatal period, but may be more limited at later stages in life. Neogenesis of islets from pancreatic ducts, a two-step process that involves the expansion of duct epithelium and subsequent differentiation into mature islet cells, constitutes a second neogenic pathway that has been studied extensively in rodent models of pancreatic regeneration. This process is also believed to contribute to increased islet mass in mouse models of extreme insulin resistance where islets are often found in the vicinity of proliferating ducts. It should be noted that the concept of islet regeneration from duct epithelium has recently been challenged by lineage tracing studies that show an early separation of adult duct progenitors from endocrine cell lineages (9) . Thus, the role of ductal epithelium in islet regeneration needs further investigation.
Bone marrow: an extra-endodermal source of islet β cells In this issue of the JCI, Ianus and colleagues (10) report an extra-pancreatic source of pancreatic β cells that may play a role in β cell turnover and possibly the adaptation of islet mass in response to physiological and environmental stimuli. In this elegant study, bone marrow cells that selectively express the enhanced green fluorescent protein (EGFP) if the insulin gene is actively transcribed, were transplanted into lethally irradiated recipient mice and gave rise to
